The synthesis and multinuclear NMR properties of compounds of the type (C 6 H 5 ) 3 PbR (R=alkyl, alkenyl, alkynyl) are reported. Introduction of a C=C or a C=C bond next to the lead atom leads to a high field shift of the lead chemical shift of ca. 60 ppm to 130 ppm, respectively, while there is also a distinct influence on the values of the lead-proton and lead-carbon coupling constants. This so called neighboring bond effect is discussed on the basis of the Fermi contact interaction. Several approaches to this interaction have been discussed referring to the present data and those published earlier. The spin density at the nucleus depends on the overlap integral, the ionicity of the bond or fraction of charge transferred, the s orbital participation and the ρ character of the bonding orbital.
Introduction
In several studies we have investigated aspects of the NMR spectroscopy of organolead compounds. In the case of 13 C NMR spectroscopy it appeared that the 207 Pb- 13 C coupling constants could be explained within the framework of the Fermi contact interaction on the basis of variations in the hybridization of the lead-carbon bonds and the effective nuclear charge at the nuclei involved in the coupling mechanism. Several empirical factors, such as the introduction of polar groups or other characteristic substituents, variation of the coordination number of the lead atom, the introduction of bulky groups, and the bond angle in cyclic compounds, were found to affect the magnitude of the coupling constants [2] [3] [4] [5] [6] [7] [8] [9] [10] .
In order to determine systematically the influence of multiple bonds on the NMR parameters we have investigated a number of compounds of the type (C 6 H 5 ) 3 PbR, in which the group R represents an alkyl, alkenyl or alkynyl substituent. While many 3 C NMR data have been published on alkynylalkyllead compounds, only limited data on alkynylaryllead compounds and limited NMR investigations on alkenylaryllead compounds have been carried out [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . For 207 Pb NMR, see ref. [27] , As the present investigation concludes our studies on the NMR spectroscopy of organolead compounds, we shall discuss the new data and previously obtained results in the light of the various approaches of the Fermi contact interaction.
Materials and Methods
The 1 H and 13 C NMR spectra were recorded on a JEOL-PFT-100 NMR spectrometer, the 207 Pb NMR spectra on a Bruker WH 90 multinuclear NMR spectrometer. Experimental details concerning the recording and assignments of the various spectra have been published elsewhere [6, 28] . All reactions were carried out under dry nitrogen. Tetrahydrofuran (THF), used as solvent and reaction medium, was distilled from LiAIH 4 before use. Although the synthesis of triphenyllead bromide has been described [29] [30] [31] , we have used an alternative route (see below). The alkenyl halides were commercially available, with the exception of iso-butenyl bromide, which was synthesized from tbutanol [32] , For more details on the preparation of the compounds see ref. [9] . ®Part XIV, seeref. [1] Vol. 21, No. 1, 1998 Synthesis and Multinuclear NMR Properties of Compounds of the Type (CßHs)3PbR (R-A Iky I, A Ikenyl, Alkynyl)
Synthesis of triphenyllead bromide
According to known procedures, hexaphenyldilead was oxidized with potassium permanganate in acetone. After filtration and concentration the plumboxane thus obtained was treated with two equivalents of acetic acid, upon which triphenylead acetate crystallized [8, 31] . This compound was dissolved in warm methanol (ca. 5 g of solid in 100 ml of methanol) and under magnetic stirring an excess (ca. 20%) of lithium bromide in methanol was added dropwise. The product crystallized in the refrigerator. After filtration and drying under vacuum at 60°C the melting point was 159-162°C (lit.
[31] 166°C); yield 70% (based on hexaphenyldilead).
General procedure for the synthesis of compounds (C s H 5 ) 3 PbR
To 0.73 g of magnesium (30 mmol) in 5 ml THF was added 30 mmol of the compound RX (R= alkenyl, X=halide), while the mixture was stirred magnetically. After the reaction had started, 45 ml THF was added slowly, after which the mixture was refluxed for 0.5 h. After cooling down the solution was transferred to a dropping funnel and added dropwise to a solution of 5.19 g triphenyllead bromide (10 mmol) in 50 ml THF, which was cooled in an ice bath. After completion of the addition stirring was continued for 2 h at room temperature. The reaction mixture was hydrolyzed with 100 ml of NH 4 CI solution and the organic layer was isolated. The water layer was extracted with 100 ml CHCI 3 and the combined organic layers were dried over anhydrous MgS0 4 . After filtration and evaporation of the solvents the residue was dissolved in 25 ml of diethylether. After filtration ethanol was added. The desired product crystallized in the refrigerator. Recrystallization was performed in diethylether/ethanol. 
Results and Discussion
With the exception of ethynyltriphenyllead, synthesized according to eq. (1), the alkynyltriphenyllead compounds are synthesized from triphenyllead bromide and the appropriate alkynyllithium compound according to eq. (3). The desired 1,2-dilithioethyne resp. 1-lithiopropyne is obtained upon reaction of ethenyl bromide resp. 1-bromo-1-propene with n-butyllithium (see also ref. [34] ).
(C 6 H5) 3 PbBr+RLi (CßH^PbR + LiBr
The yields and melting points of the various products are summarized in Table I. b. 1 H NMR spectroscopy Some characteristic 1 H NMR data of the alkenyltriphenyllead compounds are presented in Table II . Although it appeared impossible to assign all proton signals in the spectra due to longe range proton-proton couplings and partial or complete overlap of the various signals, a few characteristics can be observed from c. 13 C NMR spectroscopy More information can be obtained from the 13 C NMR spectra of the compounds under investigation than from the 1 H NMR spectra. Table III Assuming a small (<200 Hz) value for 1 J( 207 Pb-13 C(R)) in (C6H5)3Pb-C=CH, an increase in the value of 1 J( 207 Pb-3 C(R)) is observed in the first two series, when the alkyl group is replaced by an alkenyl group, while substitution by an alkynyl group results in a strong decrease of the value of this coupling constant. In the last series the value of 1 J( 207 Pb-13 C(R)) decreases continuously with increasing degree of unsaturation of the carbon-carbon bond of the substituent R. The value of 1 J( 207 Pb-C(R)) of 31 Hz in (C6H5)3PbC=CC6H5 is among the smallest one bond lead-carbon coupling constants ever measured. Reference has already been made here to the important work of Wrackmeyer [21] [22] [23] [24] [25] [26] [39] [40] [41] on alkynyltrialkyllead(IV) compounds, which will be discussed under e.
The results obtained on the organolead compounds can be compared with those of corresponding organotin compounds (data from ref. [11, 42, 43] ). With the latter compounds, all one bond coupling constants increase with the degree of unsaturation of the carbon-carbon bond of the substituent R. Compare, for example, the compounds in the series (CH3)3SnR: Table III , which is seen upon replacement of the alkyl group by an alkenyl or alkynyl group, respectively, can be explained partly by the difference in polarity between the substituents. Next to this so called "polar group effect" other factors contribute to the observed changes in 1 J( 207 Pb-13 C(aryl)), which might be described as a "neighboring bond effect" (vide infra). The 13 C NMR data of a number of compounds of the type (C 6 H 5 ) 3 PbR (R = alkenyl, alkynyl) are presented in Table IV . As with the alkyltriphenyllead compounds [6] the absorption of the a-and ß-carbon atoms of the alkenyl substituents have shifted towards lower field under the influence of the triphenyllead group compared with the chemical shift values of the corresponding parent alkene RH [44] . The average values of the substituent effect on the chemical shifts (A5(Ca) = +16.2 ±6.1 and A5(Cb) = +9.2 ± 6.9 ppm) are somewhat larger than those for the alkyltriphenyllead compounds [6] . As can be seen from Table IV the magnitude of 1 J( 207 Pb-13 C(aryl)) depends on the configuration (cis or trans) of the substituent R on the lead atom. Although the differences are relatively small (see e.a (C 6 H,=) 3 PbCH=CHCH 3 (Z-isomer) 1 J( 207 Pb-13 C(aryl))= 468 Hz and (C 6 H 5 ) 3 PbCH=CHCH 3 (E-isomer) 1 Jf Pb-C(aryl))= 476 Hz), this phenomenon can be described as a "configurational effect", which contributes to the neighboring bond effect mentioned above. The distance of the C=C fragment in the substituent R to the lead atom also plays a role in the neighboring bond effect. With an increase of the distance of the double bond to the lead atom the 1 J( Pb-13 C(aryl)) values show a decrease. For example the values obtained for (C 6 H 5 ) 3 PbCH 2 CH 2 CH=CH 2 agree well with those of (C 6 H 5 ) 3 PbCH 2 CH 2 CH 2 CH 3 [6] . Furthermore, as was found with the 1 H NMR spectroscopy of the compounds studied here, there is a remarkable variation in the magnitude of 2 J( 207 Pb-13 C(R)): from 4 Hz in (C 6 H 5 ) 3 PbCH=C(CH 3 ) 2 to 100 Hz in (C 6 H 5 ) 3 PbCH,CH=CH 3 (E-isomer). The magnitude of \J( 207 Pb-13 C(R)) is found to be correlated with the position of the organic group R at the C=C bond relative to the lead atom. When R is in a trans position with regard to the lead atom 207 Pb NMR data of alkyl-, alkenyl-and alkynyltriphenyllead compounds are presented in Table V . The data obtained for the alkyltriphenyllead compounds agree well with those published on analogous organolead compounds [28] . Replacement of an alkyl by an alkenyl group results in a high field shift of the lead chemical shift of about 60 ppm. Substitution of the alkenyl by an alkynyl group leads to a low field shift of the lead chemical shift of about 70 ppm. In literature data on 2 7 Pb NMR spectroscopy of alkenyllead and alkynyllead compounds an analogous trend seems to be present [11, 45] . Table IV: 13 C NMR data 3 of compounds of the type (C 6 H 5 ) 3 PbR C enriched compounds of the type R 3 SnC=CR' an analogous conclusion was drawn [47] . In agreement with the conclusions of Cooper et ai. [45] a similar interaction might also contribute to the trends observed in the 207 Pb NMR spectroscopy of the compounds studied in this investigation. The difference in 6( 119 Sn) values between alkenyl-and alkynyl-subtituted organotin compounds was explained by a decrease in the d π-ρπ interaction upon rotation around the tin-carbon bond in the alkenyl compounds, whereas with the alkynyl derivatives a decrease of this type is impossible because of the linear symmetry of the alkynyl group [50] . Furthermore, in compounds of the type (CH 3 ) 3 SnOCR the magnitude of 6( m Sn) only slightly depends on the nature of the substituent R [48, 49] . The same phenomenon is observed for the organolead compounds under consideration. For studies on alkynyllead compounds reference is also made to the work of Wrackmeyer [11, [39] [40] [41] . Pb involved coupling constants Nuclear spins in a molecule are coupled directly by dipolar interaction and indirectly via the electronic environment. In the NMR of solutions the direct dipolar interaction averages to zero. A complete theory of the electron coupled interactions between nuclear spins in molecules was first given by Ramsey [50] , who showed the presence of three mechanisms: the induction of orbital electronic currents by one nucleus which produces magnetic fields at the second nucleus, the dipolar interaction of magnetic moment and electron spins, and the Fermi contact interaction. The Fermi contact hyperfine interaction [51, 52] describes the correlation in the orientation of the nuclei and is the most important term, in particular in coupling that involves heavy metals. McConnell [53] used MO theory and introduced the mean excitation energy approach. A simplified expression for directly bonded nuclei is given in eq. [56] . Following the approach of Pople and Santry [61] it is possble to derive another expression using the mutual polarizability [62] . In eq. (5) this approach using the mutual polarizability is presented in a simplified way.
'J(X-Y)= C. Ψ 2 Χ (0). Ψ 2 v(0). π χγ (5) C is a collection of constants and π XY is the mutual polarizability of the Orbitals of X and Y and is positive when β χγ , the overlap integral between X and Y, is large. An interesting approach is offered by Jameson, Gutowsky and Delling [63] [64] [65] [66] . The contact hyperfine interaction is described in terms of spin densities. The spin density at the nucleus of an atom may include contributions from a ground-configuration open s shell, from accessible Vol. 21, No. 1, 1998 [39, 57] ) made clear that the type A, B, C approach was insufficient to explain all experimental data. Relativistic effects strongly influence the properties of the heavier elements, in particular the hyperfine interaction. From the relativistic viewpoint the theory of Ramsey [50] becomes inaccurate because it employs a non-relativistic hyperfine Hamiltonian and the Russell-Saunders L-S coupling breaks down for heavier elements. Pyykkö developed the relativistic analogue of Ramsey's theory of nuclear spin-spin coupling [67] , The theory was used with the help of relativistically parametrized extended Hückel theory [68] . A range of calculations on nuclear spin-spin coupling for main group elements was reported by Pyykkö [69] . There was a strong relativistic increase in the value of the 207 Pb-1 H coupling constant. Its origin was traced to an s-p contribution. There was clear Ζ dependence of the coupling constant. Finally the non-relativistic Fermi contact term was dominating. The method failed to explain, e.g., the small observed value for 1 J( 207 Pb-207 Pb) in (CH3) 3 PbPb(CH 3 )3. The one bond coupling in the latter compound and in Pb(CsCH) 4 was also addressed by Pyykkö [70] , It was suggested that there was a large change in the mutual polarizability due to the presence of a node surface near the Pb nucleus in the highest occupied MO. This frontier MO dominates the coupling because of a relativistic isolation of most of the Pb 6s character in deeper MO's.
The discussion above concerns the one bond coupling. For coupling over more than one bond the situation is assumed to be principally similar, although the whole electron system must be taken into account. An often neglected, but interesting paper is that of Klose [71] on the spin-spin coupling over more than one bond. His VB calculations show a different sign of the coupling constant over two and three bonds, which is ascribed to the values of the exchange integrals. Extended Hückel calculations on the coupling of 199 Hg and 1 H over more than one bond have been performed by Henneike [72] , The effect of 6s electron contraction on a partly charged Hg centre was suggested as explanation for the observed variation in the values of the coupling constants. Kunz [73] re-opened an old debate (see ref. [69] [70] [71] [72] [73] ) on the effect of charge on the s-electron density at the nucleus and thus on the magnitude of the coupling constant by claiming a minimal röle for the charge effect. Sn-Sn coupling constants in organotin compound were thought initially to show charge dependency [74] ; this was later dismissed, however [75] . Now re-hybridisation was proposed instead. Several other authors emphasized the importance of charge (see e.g. [64, 66, 69, 72] . The dependence on hybridization as well as charge still forms a suitable explanation in several cases (see e.g. ref. [81, 82] ). In some cases e.g. in aryl-and benzylmercury compounds σ -π conjugation was proposed [83] . Finally, one should bear in mind the warning by De Poorter and Gielen [84] that the Fermi contact contribution does not require linear relationships between coupling constants and e.g. hybridization or effective nuclear charge, and one should be aware of oversimplification.
The coupling constant 1 J(X-Y) depends on the s-electron densities at the nuclei and the bonding situation. The s-electron density is influenced by the effective nuclear charge, while the bonding situation, e.g., expressed as hybridization α 2 varies with electronegativity. Jameson and Gutowsky have extended their model of nuclear charge and hybridization by including core polarisation effects [64] , Their approach can be represented in a simplified way by eq. (6) .
'J(X-Y)= C".S.i. a,. a p (6) C" is a collection of constants, S represents the contribution by the overlap integral, i the ionicity of the bond or fraction of charge transfer, a s the s orbital participation and a p the ρ orbital participation. This approach offers the advantage of the use of the mutual polarizability, which encompasses several parameters, while at the same time it allows the discussion of NMR phenomena in more detail. For coupling over more than one bond the bonding situation in the fragment pertaining to n J(X-Y) should be taken into account. Therefore, the large change in coupling constants from (C 6 H 5 ) 4 Pb to C 6 H 5 Pb(OAc) 3 [5] can be understood by using the ionicity and the s orbital participation. The NMR parameters of Pb containing rings [10] also need the overlap integral for an explanation of the data, while the NMR results of the compounds of the present study, containing a multiple bond fragment, require all parameters of eq. (6). In conclusion we hope to have contributed to the understanding of the 207 Pb involved coupling mechanism. Future investigations and model calculations may lead to even more insight into the nature of the Fermi contact interaction.
